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ABSTRACT 


This thesis presents a modelling strategy for the evaluation of com- 
plex combat systems during their conceptual design phase. It proposes 
the use of a relatively simple auxiliary model in conjunction with a 
high-resolution combat simulation. The simple model is used to enhance 
the analyst's ability in investigating the full range of possible effects 
of decisions regarding various design and employment alternatives, while 
the complex model is implemented to validate certain tentative hypotheses 
formed from the auxiliary model results. 

This general methodology is iilustrated by considering a specific 
system of current interest to the U. S. Marine Corps, the LVA (Landing 
Vehicle Assault). A simplified auxiliary model is developed which is 
initially applied to an evaluation of several tactical employment alterna- 
tives. The distance offshore at which the craft initiates transition 
and the interarrival time between incoming waves are examined in detail. 
The model is additionally implemented to derive the interrelationships 
of the LVA design parameters with the vulnerability of that system to the 
attrition effects of two representative defensive direct-fire weapon 


systems. 
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I. INTRODUCTION 


An explicit statement of desired operational goals is a fundamental 
first step in the conception of a new weapon system. All subsequent 
decisions regarding specific design features are based upon these goals. 
Once the engineering feasibilities of the performance characteristics 
have been established, it is possible to use an approach similar to that 


in Figure 1. Such a methodology can provide the decision-maker and the 





designer information with respect to the impact each of the elements of a 


design have on the combat effectiveness of the final system. 


Essentially then, one may define a system's effectiveness as the 
degree of success the system realizes in achieving the desired operational 


oals (i.e. missions) in the context of a particular combat environment. 
For the purposes of evaluating alternative courses of action (design 
specification options), it is necessary to quantify the degree of suc- 

cess in attaining the operational goals, and hence the analyst must formu- 
late a measure of effectiveness (MOE). (The reader is referred to Bonder 
[Ref.2] and also Quade [Ref. 8] for further discussion of the topic of 
system effectiveness.) This selection of an appropriate criterion by 
which success can be quantitatively measured is often a difficult procedure 
requiring the analyst and decision-maker to synthesize the various system 
objectives into a single variable which may be generated for each alterna- 
tive by analytic or judgmental means. 

It is additionally necessary to “operationally define" system effec- 

tiveness in the context of the combat environment. The operating conditions 


under which the system is to be analyzed is termed the scenario, and 


1] 





DEFINE AND DELIMIT THE OPERATIONAL PROBLEM 


CLASSIFY THE OBJECTIVES TO BE ATTAINED BY 
THE PROPOSED SYSTEM CONSISTENT WITH THE 
MISSION OF THE ENTIRE FRIENDLY FORCE 


FORECAST THE ENVIRONMENT IN WHICH THE SYSTEM 
WILL OPERATE (SCENARIO DEVELOPMENT) 


DETERMINE WAYS TO MEASURE THE DEGREE OF SUCCESS 


IN ATTAINING THE SPECIFIED SYSTEM GOALS OR OBJECTIVES 
(MOE DETERMINATION) 













DEFINE ALTERNATIVE PROPOSED DESIGNS AND/OR 
ALTERNATIVE TACTICAL EMPLOYMENT PROCEDURES 
(COURSES OF ACTION) 









DETERMINE AN ANALYTIC APPROACH TO GENERATE 
THE MOE RESULTS FOR EACH OF THE ALTERNATIVE 
COURSES OF ACTION 


INTERPRET THE RESULTS IN TERMS OF 
“REAL WORLD" EXPLANATIONS 


VERIFY THE RESULTS 
GENERATE NEW ALTERNATIVES OR NEW PROBLEMS 


INSIGHTS INTO THE SYSTEM EFFECTIVENESS OF EACH 
OF THE ALTERNATIVE COURSES OF ACTION 


FIGURE (1): GENERALIZED APPLICATION OF ANALYTIC TECHNIQUES TO 
SYSTEM EFFECTIVENESS EVALUATION 
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may be characterized by the following: 

* system performance characteristics, 

* system employment procedures, 

* a concept of operations and anticipated capability for the 

remainder of the friendly force, and 

* anticipated enemy threat. 
Thus, a system's effectiveness is dependent upon the specific combat 
environment in which it was assessed. This fact emphasizes the respon- 
sibility of the military analyst in selecting appropriate scenarios for 


the evaluation of proposed designs. 


A. MODEL DEVELOPMENT FOR THE PURPOSES OF EFFECTIVENESS DETERMINATION 
During the conceptual design phase of weapon system acquisition no 
physical prototype exists and consequently some type of model must be 
utilized to relate the combat effectiveness of the system (as measured 
by the MOE) to the independent design parameters. The modelling activity 
Should be directed toward providing cues to the decision-maker as to how 
the various system design parameters contribute toward the accomplishment 
of the established system mission, and hence system effectiveness. The 
inherent complexity of the combat environment has lead to the development 
of highly sophisticated combat simulations. 
The extremely high level of detail characteristic of such models 
is partially due to the fact that the developers have desired the model 
to be capable of addressing numerous facets of the combat environment, 
hence making the model applicable to a broad range of study objectives. 
The degree of complexity evident in such simulation models reflects a 
desire to include any factor which may significantly influence the ability 


of the system to accomplish its operational requirements. It is recognized 
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that such peripheral issues may at times become significant, and since 
actual combat data is not available, the use of a high resolution model 
provides a degree of confidence in one's conclusions. There are, however, 
certain disadvantages with the exclusive use of such a model; these can 
be summarized by several common full-scale model characteristics. Such 


models tend to: 


* be extremely costly to operate and maintain, 

* lack flexibility in tailoring their use to specific problems, 
* require an extremely large data base, and 

* require the user to perform several replications for each set 


of input parameters. 


The analyst/modeler must keep in mind the fact that the primary pur- 
pose of his modelling efforts is "to provide insight, not numbers" [Ref. 
4]. The model is a decision aid and as such should be implemented in such 
a manner as to provide insights into relationships useful to the decision 
maker. The role of analysis is to augment, stimulate and assist the 
decision-maker's reasoning ability and as such should not provide the 
ultimate decision, but only those insights into the dynamics of the pro- 
blem such that the alternative courses of action may be evaluated and 
compared. In order that the results of a modelling effort be "acceptable" 
to the decision maker, there must exist what may be termed "model credi- 
bility." The model must provide intuitive, plausible explanations for 
the numeric results generated. As stated by Geoffrion in Ref. 4: 

"...purely numerical results must be supplemented by intuitively 

reasonable explanations as to why these results are as they are. 

Otherwise the yalidity of a model can only be taken as an act of 


faith and the end-user will be inclined to revert to intuition 
or some other more secure mode of analysis." 
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It must be emphasized that the use of such a complex model is in sSup- 
port of a human decision process. The decision-maker is essentially 
required to make certain judgments with respect to the final system 
design specifications, providing a balance between the procurement and 
maintenance costs inherent in the attainment of a particular set of 
performance characteristics, and the potential benefit in system effec- 
tiveness which may be realized in the combat environment. Factors which 
may influence this decision process include: 
* the individual's personal experiences, intuitions and preferences, 
* “external forces," i.e. organizational constraints, 


* analytic results tempered by practical judgment. 


It is this third source of information which is provided by the high 
resolution combat simulation modelling effort. Although it should not 
be inferred that a combat model can generate an accurate point estimate 
of a system's actual combat effectiveness in a particular scenario, it 
can provide the decision-maker with a tool which will provide him certain 
mental cues regarding "gross" differences in effectiveness between various 
alternative input cases. 

Due to the uncertainty in forecasting future operational environ- 
ments, it 1s desirable to evaluate the full range of possible effects 
of a decision by exercising the model over extensive variations in the 
assumed input parameters. Within each of the four categories of input 
(see Figure 2) there existscertain ranges over which the input elements 
of that category may vary. There exist, therefore, numerous feasible 
“model input combinations which conceivably affect the decision criteria. 
This requirement for detailed sensitivity analysis indicates a need for 
Simulation efficiency which is usually not possible with a high-resolution 


model. 
15 
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B. THE USE OF AN AUXILIARY MODEL IN THE EVALUATION OF SYSTEM 
EFFECTIVENESS; A MODELLING STRATEGY 


The intent of this thesis is to illustrate a methodology which might be 
applied to such broad based modelling problems as design evaluation. The 
approach is to develop a specifically tailored simplified model which may 
be readily exercised over the total realm of input possibilities to assist 
the analyst in developing certain insights into the behavior of the full- 
Scale model (see [Ref. 4] and [Ref. 11]). Since the results of any simu- 
lation are driven by the input parameters, the objective of using this 
simplified auxiliary model is to be able to process the numerous combina- 
tions of input parameters and identify that subset of these combinations 
which requires further investigation. It is the desire to reduce the en- 
tire feasible input region into a manageable number of cases, that is, 
the auxiliary model is implemented as a mechanism to assist in establish- 
ing the initial input case structures which are to be more thoroughly 
evaluated by means of a large high-resolution simulation. A generalized 
version of the procedure consists of the following four steps: 

* Formulate a simplified auxiliary model, specifically designed 

to address the primary study objective, simplifying the other 
peripheral issues as much as possible. Maintain as required the 
essence of the full-scale model by the use of generalized input 
Darameters defined over certain feasible regions. 

* Calibrate the auxiliary model by comparing its results against 
full-scale model results over a selected set of input parameters 
representative of the "typical" case. 

* Fully exercise the auxiliary model over the entire range of 
feasible input combinations reflecting the entire realm of anti- 
cipated ri Soe ba and decision possibilities. From the trends 
indicated by these runs, formulate tentative hypotheses about the 


relationships and contributions each of the dectsion variables 
makes toward the MOE being investigated. 


iy 





— 


* Test these hypotheses on the full-scale simulation model. If 
major discrepancies exist, attempt to determine the underlying 
explanation. Modify or recalibrate the simplified model as 
required. 

The remainder of this thesis will be devoted to an application of this 
proposed methodology in the evaluation of proposed designs for the LVA 
(Landing Vehicle Assault), a high-speed amphibious vehicle currently under 
development for the United States Marine Corps. The LVA concept provides 
the means by which various aspects of this modelling strategy are to be 
illustrated. In addition to an evaluation of the LVA's effectiveness 
as it relates to specific design specification, the model will also be 
applied to the assessment of alternative tactical employment concepts. 

The interrelationships that exist between the physical design and the 
tactical employment considerations will be examined in detail. The next 


section will provide certain background with respect to the basic LVA 


concept. 
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II. LVA ILLUSTRATION: “APPLICATION BACKGROUND 


This section shall briefly present certain background information 
with respect to the proposed LVA vehicle design problem with which the 
auxiliary modeling methodology will be illustrated. It will also state 
certain qualifying assumptions which were made in the analysis of this 


vehicle. 


A. LVA CONCEPTUALIZATION 

Requirements studies have indicated that in future amphibious opera- 
tions, due to the increased lethality of anti-ship missiles and long- 
range artillery, it will be necessary to increase the Amphibious Task Force 
(ATF) standoff distance to approximately 25 miles from shore in order to 
reduce the vulnerability of the amphibious shipping against this anticipated 
threat. The projection of power ashore by both vertical and Pinas means 
1s expected to remain the concept of operations during this time period. 
It seems to be necessary therefore to develop an amphibious craft capable 
of 25MPH in order to transit the much longer distance without significantly 
increasing troop exposure duringthe waterborne phase of the operation. 

By imposing a minimum of 25 mile standoff from shore, the following 
tactical advantages may also be realized: 


ae hee cate a significant expansion in the shoreline threatened by 
the ATF. 


* [Tt conceals more effectively the actual landing sites. 
* It complicates the emplacement of shore defenses. 


* It permits more maneuver area and thus greater flexibility in the 
Sea operations of the ATF. 
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These advantages may be achieved by developing an amphibious vehicle 
(LVA) similar in its operating characteristics ashore to those of the 
present LVTP-7 but with the added requirement that the LVA be capable of 
water speeds jin excess of 25 miles per hour. The followtng are the 


general design specifications anticipated for the LVA as specified in 


fer. 3: 
LVA REQUIREMENTS 
Water Speed 25-40 MPH (11-18 meters/sec) 
Land Speed 40-55 MPH (18-25 meters/sec) 
Water Range Teo Wale 120 Km 
Land Range 250 Mi. 400 Km 
Length 33 Ft. (max.) (8.75 M) 
Width 11 Ft. (max.) (2.9 M) 
Height 11 Ft. (max.) (2.9 M) 
Troop Capacity 25-30 
Cargo Capacity 8000 lbs. 


For the purposes of this thesis certain assumptions are to be made 
with respect to the LVA design. Many proposals have been made regarding 
the means of achieving the required water speed, however, the current 
indications are that a planing hull will be used to meet this require- 
ment. It is to be assumed that the LVA to be evaluated is of the planing 
hull variety for which the following definitions shall apply: 


PLANING MODE: An operating mode for the LVA in which the craft 
is traveling at a water speed high enough (SPDMAX) 
to sustain a planing configuration (HTMAX). 

See Figure 3. 


DISPLACEMENT An operating mode for the LVA in which the craft is 
MODE ; traveling at such a low rate of speed (SPDMIN) that the 

vehicle js not capable of maintaining the planing con- 
figuration. In the displacement mode the LVA will ride 
low in the water similar to the conventional LVTP-7. 
The exposed height in this mode is HTMIN. It is noted 
that the LVA must be in this particular mode prior to 
crossing the surfline during its movement ashore. 
See Figure 3. 
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PLANING MODE: 


SPDMAX 


34 


DISPLACEMENT MODE: 


Kk 


SPDMIN 
HTMIN 


a 


FIGURE (3): LVA WATERBORNE CONFIGURATIONS 
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The scope of this application of the auxiliary modelling methodology 
is to be restricted to the waterborne phase of the LYA's employment. 
This modelling effort will not address the desired capabilities of the 


vehicle ashore. 


é 


B. LVA EMPLOYMENT: CONCEPT OF OPERATIONS 

For the purposes of this study, certain broad assumptions have been 
made as to the exact method of employment for the LVA in the ship-to- 
shore phase of an amphibious assault. It is envisioned that for command 
and control] purposes as well as mine clearing operations there will exist 
LVA approach lanes as shown in Figure 4 along which columns of craft wil] 
transit the 25 mile distance to shore from the amphibious shipping. It 
is assumed that there will exist some form of maneuver area within which the 
columns of LVA form into the conventional landing formation composed of 
waves of landing craft as prescribed by current doctrine. 

The fundamental assumption is that the formation of incoming waves is 
to be accomplished at a distance offshore which is greater than the 
effective range of the direct-fire weapon systems which it shall be as- 
Sumed dominate the primary anti-LVA threat. Although it is to be expected 
that LVA may be attrited during this seaward portion of the ship-to-shore 
movement, it iS assumed that the critical exposure period will be that 
portion of the waterborne approach from when the first incoming wave is 
approximately 5000 meters offshore up to and including the arrival ashore 
of the last assault wave. It is therefore this portion of the mpeg 
which is to be analyzed. Further embellishments to the model could cer- 
tainly be deyeloped which would encompass the broader aspects of the 


entire LVA concept. 


22 









SHORELINE 







PRIMARY WAVE 
APPROACH LANE 





WAVE FORMATION 


MANEUVER AREA // SECONDARY WAVE 


APPROACH LANE 


oo0nDganD 
qaoo0gdg o 


INCOMING 
ASSAULT 
WAVES 


FIGURE (4): LVA CONCEPT OF OPERATIONS SHIP-TO-SHORE 
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In simplifying the movement of LVYA ashore, two tactical decision 
variables are utilized. 

1. TBW 

The Landing Force Commander must decide upon the time interval 

between successive waves of incoming craft arriving at the beach. TBW 
is the decision variable for the Time Between Waves. As TBW is shortened, 
coordination problems resulting in confusion at the beach will arise since 
there is not sufficient time for each wave to move inland prior to the 
next wave's arrival. This consideration must be balanced against the 
desire for an initial rapid build-up of offensive power ashore. 

2 RD 

As each wave of LVA moves toward the shoreline in the planing 

mode, there must exist a coordination measure to denote that point at 
which the craft are to slow to the displacement mode. Due to engineer- 
ing stability requirements it is necessary that this displacement configura- 
tion be achieved prior to crossing the surfline. Once the craft has 
Slowed down, the operator also must lower the vehicle tracks in prepara- 
tion for land movement. At this point it shall be assumed that as each 
wave passes an imaginary line RD meters off the shoreline, each LVA in 
that wave will commence the transition from planing to displacement modes. 
Successive waves likewise upon crossing this RD coordination line will 
initiate their transition. This process shall be termed a sequential 
wave transition since each of the assault waves sequentially perform the 
mode transition. See Figure 5 for a graphic portrayal of the tactical 


employment criteria. 


It is noted that in this figure and in the remainder of the thesis 
the character "*" shall be used to designate a multiplication operation 
Detween variables. 
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FIGURE (5): TACTICAL EMPLOYMENT PARAMETERS - SEQUENTIAL TRANSITION 
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C. LVA ILLUSTRATION: AUXILIARY MODEL USAGE 

In applying the methodology proposed in the first chapter to the de- 
Sign specifications regarding the LVA, the initial step is to identify a 
Suitable measure of Bree Eiveness (MOE) by which alternative proposed de- 
Signs might be compared. In this thesis it was decided that the survivabi- 
lity of the craft was the underlying determinant in performing its mission. 
Since the purpose of the vehicle in the waterborne phase is the transport 
of men and equipment from the ATF to the beach, the total number of sur= 
yiving craft arriving ashore (given the same initial number of craft de- 
parting the amphibious shipping) is therefore chosen as the MOE. 

As indicated by the proposed approach, it is the intent to develop a 
simplified model specifically tailored to addressing the decision criteria 
of importance to this problem. The remainder of this section shall briefly 
delineate the scope of the auxiliary model and formally state the decision 
variables to be used. 

1. Model Considerations 

It is an implicit assumption throughout this application that in 
future amphibious operations the attrition of incoming landing craft shall 
be dominated by the effects of shore defense direct-fire weapon systems, 
Specifically, modified versions of current tank and anti-tank guided mis- 
Sile (ATGM) assets. The primary modelling effort within the auxiliary 
model itself is therefore based upon this assumption. It is noted that the 
model essentially omits the effects of the defensive indirect fire capabil- 
ities. The seriousness of this omission would be determined by comparing 


auxiliary model results with those of the full-scale simulation model. 
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A secondary consideration which it is felt cannot be ignored is the 
effect of the ATF's fire support assets against the shore defenses. In 
developing the auxiliary model the intent is to capture the effect of this 
peripheral issue without actually implementing the level of detail contained 
in a high-resolution simulation. It is reiterated that the simplified model 
to be developed here is a tool to be used in conjunction with a high level 
combat simulation; it is not intended as a replacement for such a full- 
scale model. 

A final peripheral issue which must be considered is the attrition ef- 
fects made on the defensive forces by the initial waves arriving ashore. 
Again it is felt that this aspect of the problem cannot be ignored but also 
does not require the level of complexity which it would receive within a 
high-resolution model. 

2. Model Objectives 

In the development of a new amphibious vehicle, two basic inter- 
related issues must be resolved: the design specifications and the employ- 
ment criteria. These two problems lend themselves to the application of 
this proposed modelling approach. Table I lists the basic decision variables 
in both these categories which are of interest. The next chapter will de- 
Scribe the basic logic contained in the LVA auxiliary model and will explain 


the simplifications which were instituted in the course of the model's de- 


velopment. The underlying motivation behind the structure of the model is 
a_desire to focus upon the primary consideration (the direct-fire weapon 


versus LVA interrelationship), while aggregating the effects of the other 
peripheral issues. The yalidity of a model is contained in its ability to 


accurately reflect the interactions among the decision variables. It is the 
desire to develop a-model which encompasses such interactions without re- 


creating a costly stochastic model. 
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TABLE I. LVA AUXILIARY MODEL: 


DECISION CATEGORY 


ENGINEERING DESIGN 
CRITERIA 


TACTICAL EMPLOYMENT 
CRITERIA 


VARIABLE 


SPDMAX 


SPDMIN 


HTMAX 


HTMIN 


RD 


TBW 


WV INT 
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PRIMARY DECISION VARIABLES 


DEFINITION 


WATER SPEED OF THE LVA 
IN THE PLANING MODE 


WATER SPEED OF THE LVA 
IN THE DISPLACEMENT MODE 


EXPOSED LVA HEIGHT ABOVE 
THE WATERLINE IN THE 
PLANING MODE 


EXPOSED LVA HEIGHT ABOVE 
THE WATERLINE IN THE 
DISPLACEMENT MODE 


DISTANCE OFF THE BEACH 

AT WHICH THE LVA COM- 
MENCES ITS TRANSITION FROM 
A PLANING CONFIGURATION 

TO THE DISPLACEMENT 


INTERARRIVAL TIME BETWEEN 
SUCCESSIVE WAVES OF LVA 
ARRIVING AT THE BEACHLINE 


THE INITIAL NUMBER OF LVA 
IN EACH OF THE ASSAULT 
WAVES 





III. AUXILIARY MODEL DOCUMENTATION SUMMARY 


This chapter contains a description of the basic qualities and 
logical interrelationships incorporated in the actual model. For com- 
plete documentation the reader is referred to the flowchart in Appen- 


dix C and to the documented source listing. 


A. MODEL FUNCTIONAL FORM 

In formulating this model a fundamental self-imposed limitation 
was the anticipated execution time. The level of modelling sophisti- 
cation was purposely constrained so as to keep the execution time (CPU) 
less than ten ane (IBM 360/67) per set of parameters. This was done 
in order that extensive sensitivity analysis would be possible. The 
model finally developed incorporates several substantial simplifications 
over a full-scale combat simulation; the most significant of these is 
that the model handles unit attrition in a deterministic fashion. The 
primary advantage achieved by the use of such a deterministic model jis 
the ability to generate in a single execution of the model an "average" 
LVA survivor outcome for a particular input case in contrast with the 
multiple replications required if a stochastic model were used. It 
Should be noted that although the decision was made not to develop a 
Stochastic model, the LVA auxiliary model developed here does require 
Most of the same input data that a Monte-Carlo combat simulation would. 
The primary modelling simplifications arise from the approximation of 
‘discrete force sizes by continuous variables. This is in contrast with 


the discrete event/discrete entity approach used within a stochastic 
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simulation. Since the model's primary function is in establishing 
the dynamics involved in the employment of a proposed LVA craft, that is, 
the basic interrelationships that exist between the various decision cri- 
teria, the decision was made to utilize a deterministic analysis. 

The classical LANCHESTER hypothesis for aimed fire attrition ("modern 
conditions") is that the casualty rate of a unit is proportional to the 
‘size of the opposing force. If unit "A" is being engaged by "D", this 


may be expressed by the differential equation 


dA 
qt = 7 BETAn, * D . 


The proportionality constant BETA | is called the Lanchester attrition 
rate coefficient. It 1s assumed that this functional relationship holds 
for each (firing unit, target unit) pairing over a smal] time interval 
dt. The ability of a differential combat model to accurately reflect 
the inherent complexities of the combat environment is determined by 
the level of sophistication associated with the computation of each of 
the attrition rate coefficients within each time interval. The credibi- 
lity of the model is determined by the manner in which the model trans- 
forms the performance characteristic data with the tactical and physical 
configurations for each of the combat units to generate the numerous 
attrition rate coefficients. 

Although more complicated models exist (the reader is referred to 
the work of Taylor in Refs. 11 and 12), it was decided to express these 
coefficients as the product of the rate of fire (ROF) and the kill 


probability per round (P(K))}. Therefore 


BETAng = P(K)ya * ROF pa 
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The subscript DA refers to the tactical relationship of "D" engaging 
"A" The strength of the model rests in its ability to express P(K) ya 
and ROFp, as functions of the physical combat environment each pair of 
units being modeled are face with as the simulated operation progresses 
each time interval. The bulk of the modelling effort is involved in 
the computation of these instantaneous attrition coefficient factors re- 
flecting the tactical situation at each instant of time. Numerical meth- 
Ods must be used to generate combat results because of the well-known 
analytical intractability of variable-coefficient differential -equation 
Models. 

The remainder of this chapter describes in detail the logical process 
by which each of these variable factors is determined for each weapon- 


target pair. 


B. FORCE STRUCTURE 

This model aggregates the various actual combat organizations in- 
volved in the waterborne phase of the amphibious operation into several 
homogeneous combat units. Each of these units is characterized by cer- 
tain offensive and defensive capabilities in comparison to each of the 
other units. 

The following table illustrates the combat organizations which were 
explicitly modeled. The combat strength of each unit was represented by 
the state variables indicated. An exact interpretation of these strength 


variables will be presented in a later section. 
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COMBAT ORGANIZATION STATE VARIABLE 


Shore Defenses - TANK assets DT 
Shore Defenses -— ATGM assets DS 
Incoming assault waves of LVA WV CE) l= 12035455 


representing waves |] through 5 

A cumulative-combat force comprised TE 

of those Marine ground units which 

have arrived at the beach and have 

debarked the LVA 

Fire Support Assets of the ATFFS 

Amphibious Task Force 
The initial strength in each of the above force units is input data to 
the model. This permits the user to investigate alternative wave com- 
position options and also various defensive scenarios without modifica- 
tions to the model logic. The tactical interrelationships which exist 


between the nine combat units within the force structure are illustrated 


in Figure 6. 


C. SHORE DEFENSES CONCEPTUALIZATION 

The defensive scenario postulated for the purposes of this model in- 
cludes a force comprised of tanks (DT) and anti-tank guided missiles 
(DS). Both the tank unit and the ATGM unit are assumed to be emplaced 
approximately 75 meters inland of the waterline at an elevation of ap- 
proximately 5-10 meters. The model does not explicitly maneuver or 
emplace individual tanks or ATGM systems within each unit as a high- 
resolution simulation would but aggregates the cumulative effects of the 


individual vehicles and weapons within each category. 
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1. Defensive Unit Strengths 


The state variables DT and DS represent the total unit "strengths" 
in each of these defensive weapon categories. The term unit strength may 
be best explained by means of the following example. ODT = 3 indicates 
that within the shore defenses there exists a unit of tanks having a total 
combat effectiveness equivalent to 3 continuously firing individual weap- 
on systems. A similar interpretation is applicable to the state variable DS. 
2. Defensive Fire Allocation 

It was assumed that each of the two categories of direct-fire 
weapons would engage targets (incoming LVA) according to a pre-assault 
determined tactical scheme. The defensive "plan" was parameterized as 
follows: 

Each weapon category was assigned an engagement window as i]lus- 
trated in Figure 7. Only those LVA located within this range window 


could be fired upon by the shore defenses. The windows are designated 


by the following input parameters: 


TANK ATGM 
MAXIMUM ENGAGEMENT RANGE TENGMX SENGMX 
MINIMUM ENGAGEMENT RANGE TENGMN SENGMN 


Additional defensive tactical criteria are implemented into the 
model logic by adherence to the following rules: 


* A defensive weapon only engages the two closest incoming 
waves if more than two waves of LVA are at any time located 
within the weapon's engagement window. 


* If only one wave of LVA is present in a weapon's engagement 
window, defensive fires of that particular weapon type will 
be distributed uniformly against the surviving LVA in that 
wave. 
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TENGMX 


= SENGMN 
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FIGURE (7): DEFENSIVE ENGAGEMENT WINDOW PARAMETERS 
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* If two waves of LVA are both contained within the engagement 
window, defensive fires of that particular weapon type will 
be distributed according to a tactical allocation submodel. 
A weighting factor (DEFWT) is utilized in establishing the 
proportion of the total weapon strength to be allocated 
against the surviving LVA's in each of the two waves. As 
an example, if DEFWT(1) = 2 and DEFWT(2) = 1, then each sur- 
viving LVA in the closer of the two incoming waves would be 
allocated twice as much fire as surviving LVA in the seaward 
wave. For the purposes of this example, if waves 3 and 4 
were both located within the tank engagement window, then the 
proportion of DT's fire allocated to surviving LVA in wave 3 


would be 


DEFWT(1)*WV(3) * DT 


DEFWT(1)*WV(3) + DEFWT(2)*WV(4) 


where WV(3) is the state variable for the current number of 
Survivors in wave 3. 


3. Attrition Rate Coefficient Computation 


It has been stated that the primary modeling devise is the Lan- 


3 


chester attrition rate coefficient. Such a coefficient exists for each 


(defensive weapon, target) pairing yielding the ten variables: 


BETAnr-w(1) = ROFpreww(r) * Por-w(r) 1 = 1,2,3,4,5 


BETAns-wv(1) = ROFps-wy(1) * P&K)ps-wy(r) -E = 152232455 


The rate of fire (ROF) factor conveniently serves as a switch mechanism 


by implementing the functional relationship: 


ROF = 0 if W(I) is located outside the 
D -WV(I) : 
= engagement window 
1 if W(I) is located within the 
engagement window : 


where TBF (Time Between Firings) can be evaluated by 


TBF = AIM-RELOAD TIME + TARGET RANGE 
TARGET SPEED + PROJECTILE VELOCITY 
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The relatively slow projectile velocities representative of anticipated 
ATGM assets in the future does cause such velocities to become significant 
in this computation. 

The second factor in determining each attrition rate coefficient 
is the probability of a vehicle "kill" per round: P({K). It is assumed 
that a hit by a large caliber projectile would constitute a "kill" in that 
it would most likely inflict serious enough damage toeither sink the LVA 
or render the craft immobile and hence eliminate it from contributing 
to the build-up of forces ashore. A second assumption is that the two 
defensive weapon systems addressed would exhibit normal, uncorrelated 
horizontal and vertical errors. Typical dispersion data, both mean and 
Standard deviation, for the tank and ATGM weapons is required as input 
data for the hit probability computations. Figure 8 and 9 illustrate 
the hit probability versus range characteristics for the representative 
tank and ATGM data hypothesized for this application. It may be observed 
that the configuration of the LVA (planing or displacement mode) is a 
predominant factor in the vulnerability of the craft to direct fire. 

The suppressive effects of incoming fire upon each of the defen- 
Sive units was considered a significant factor with respect to its effect 
upon the survivability of the incoming assault waves of LVA. It was 
assumed that this suppressive effect would significantly reduce a unit's 
rate of fire and also increase the error standard deviation. The model- 
ling of these suppressive effects is accomplished by the assignment of 
a relative suppression factor (SUPFAC) in the interval [1,2] for both 
the tank and ATGM units. This factor is determined subject to the 


following somewhat arbitrary guidelines. 
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SUPFAC = 1 No incoming fires, i.e. the defensive unit 
casualty rate is zero. 
SUPFAC = 2 Maximum incoming fires i.e. the defensive 


unit casualty rate is comparable to that 
realized upon full allocation of the ATF fire 
Support assets. 

It was assumed that the aim-reload time (ARTM) would be increased 


by approximately 50% under the conditions represented by a SUPFAC of 2.0. 


Within the ROF submodel this is expressed by the linear relationship 


ARTMc i) = ARTM * (0.5 + SUPFAC) 
eS a 


P NONSUP 


It is additionally assumed that up to a 100% increase in the error standard 


deviation could be expected under a maximum suppression environment, hence 


ERROR SDeyp = ERROR SO NONSUP * SUPFAC 


The consequences of this percentage increase in error standard deviation 
is illustrated for both defensive weapon systems in Figures 10 and 11. 
4. Defensive Breakpoint 
It is assumed that if during the course of the amphibious opera- 
tion the defensive forces suffer a cumulative loss in excess of 70% of 
their initial force strength, the remaining shore defenses will with- 


draw, resulting in battle termination. 
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D. LVA ASSAULT WAVE CONCEPTUAL IZATION 


The auxiliary model is programmed to handle up to five incoming 


waves of LVA. The initial composition of each of these waves is input 


by the user by means of the variable WVINT. There are no limitations 
as to the number of LVA in a wave. 
1. Wave Posture 

Model functions RNG,HT and SPD are called upon within the model 
logic to generate the range, height and speed respectively for each 
assault wave as time is incremented throughout the course of the amphibi- 
ous operation. The input tactical employment parameters TBW and RD in 
conjunction with the physical design parameters SPDMAX, SPDMIN, HTMAX, 
HTMIN for the LVA being evaluated uniquely determines the exact range 
offshore and vehicle configuration (planing/displacement) for each of the 
five waves. This information is then implemented in the rate of fire 
and hit probability calculations. 

2. Ground Forces Ashore 

As each assault wave arrives at the beach, the total surviving 
Strength of that wave is transferred to the state variable TLF (Total 
Landed Force). TLF represents a ground combat force equal to that trans- 
ported by the number of LVA survivors having arrived ashore. Once estab- 
lished, TLF engages the two defensive units allocating its fires between 
the two defensive weapon categories in the same proportion as the number 
of surviving tanks and ATGM's, that is | 


TLFRAs = DT ree 
a DT + DS 
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DS 


a crear eee eee * 
DS = DIF DS TLE 


ier 


The casualty rates applied against the DT and DS state survivor 
variables are determined by means of the Lanchester aimed-fire attrition 


rate coefficients WBETA, ¢_p7- and WBETAT, r_peo by the equations 


‘TE 
de 7 MBETAT cpg * TLFoy 


Ge~ = - NBETAT pps * TLFps 

The computation of these WBETA coefficients is not performed 
within the model utilizing the detailed rate of fire and P(HIT) arguments 
described previously. Since the defensive losses are significant but 
not a primal issue in the auxiliary model, a high level of complexity is 
not necessary nor desirable with respect to this particular aspect of the 
operation. By curve fitting these equations to casualty curves realized 
in a full-scale model calibration run, generalized input parameters are 
obtained for these two coefficients. Thus, the sophistication of the 
auxiliary model with respect to this potentially complex modelling situa- 


tion is kept to a minimum. 


E. ATF FIRE SUPPORT CONCEPTUALIZATION 

The impact of the Amphibious Task Force's fire support assets contri- 
butes significantly to the combat effectiveness of the shore defense 
units; however, this is essentially a peripheral aspect of the auxiliary 
Model‘s primary function and is capable of being modeled without resorting 


to an analysis of individual sorties. By characterizing each of the two 
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defensive force units by a simple “located" or “not located" attribute, 
the attrition rates realized by these force units can be simplified 
substantially by the following approach. 
1. "Not Located" Shore Defenses 

At the commencement of the model it is assumed that the defen- 
Sive units DT and DS are emplaced on shore at locations unknown to the 
ATF. The units are then initially engaged as “not located" targets by 
area fire for which the following Lanchester area fire equations are 


applicable 


dDT _ 
Te- = ~(ALPHAy, * ATFFS) * DT 


dDS 
dt 


-(ALPHA,« * ATFFS) * DS 


The terms in parentheses on the right hand side of these equa- 
tions are to be considered a generalized input parameter. The combat 
effectiveness of the ATF fire support assets is also to be considered 
relatively constant during this segment of combat time and thus it is 
possible to synthesize these input factors by examining the attrition 
losses due to area fires realized in a previous full-scale model cali- 
bration run. 

2. “Located" Shore Defenses 

Once a particular defensive unit has initiated its engagement of 
incoming waves of LVA it is considered "located." At this point it is 
assumed that the ATF fire support organization will engage that defensive 
‘unit through the use of aimed fire. Again it is assumed that the loss 


rate will be in accordance with the Lanchester hypothesis for aimed fire, 
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that is 
Se~ = -BETAyy * ATFFS 


dDS73 
It is noted that the right hand sides of both these equations are to be 
regarded again as synthesized factors to be calibrated from a previous 


high-resolution application. 


F. AUXILIARY MODEL REMARKS 

It is again emphasized that in the development of the auxiliary 
model the primary consideration addressed in the ship-to-shore movement. 
of incoming waves of LVA was the attrition effects upon those waves due 
to the two direct-fire weapon assets ashore. The model attempts to 
simplify as much as possible the peripheral issues which supplement 
this direct-fire weapon vs. LVA interrelationship through the use of 
data generated by previous high-resolution modelling applications. 

The next two chapters present two separate yet related applications 
of the auxiliary model. These applications wili hopefully serve to 
illustrate the advantages of this proposed modelling strategy as intro- 


duced in the first chapter. 
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IV. MODEL APPLICATION: TACTICAL EMPLOYMENT CONSIDERATIONS 


The auxiliary model has been used for two different types of prob- 
lems. In this chapter we address the problem of how to best utilize the 
LVA in a tactical sense given that the physical performance character- 
istics have Been relatively well defined. A second application will be 
presented in the next chapter which will attempt to identify those design 


parameters which contribute significantly toward mission performance. 


A. INPUT PARAMETER GENERATION 

In the evaluation of tactical employment alternatives, it is neces- 
sary to identify those input parameter sets which are of interest to the 
decision-maker. 

1. Decision Criteria 

The two decision variables previously discussed which describe 

the manner in which incoming waves of LVA are deployed are RD and TBW. 
In addressing the sequential transition of assault waves at RD meters 
offshore, a tradeoff exists: Is it better to move as quickly as possible 
toward shore projecting a large target profile, or alternatively, is it 
better to move at a slower rate of speed but as a much smaller target? 
The hit probability curves in Figures 8 and 9 highlight this tradeoff 
‘consideration. The time interval between the arrival of successive 
waves ashore (TBW), due to the difficulties in coordinating the debark- 
ing Marine ground units, must also be constrained to certain feasible 
bounds. It was decided to exercise the model over the following feasible 


values for each of these decision variables. 
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FEASIBLE EMPLOYMENT CRITERIA 


RD: Distance offshore at which waves initiate transition. 
TBW: The tnterarrival time between waves arriving at the beach. 


' RD (METERS ) TBW (SECS) 
200 120 
1000 180 
1500 240 
2000 
2900 
3000 


The model] output was specifically designed to provide the user 
with sufficient information to develop insights into the operationa|] 
dynamics. From these insights, it is possible to more readily evaluate 
the impact each of these 18 tactical employment alternatives has upon 
the survivability of a proposed LVA design. 

2. Scenario Development 

In comparing these alternative tactical schemes it was decided 
that this evaluation should be performed with regard to several combat 
environments reflecting the realm of possibilities against which this 
tactic could be implemented. The combat environment was varied with respect 
to the following categories: 

* the composition of the shore defenses, 

* the capabilities of the ATF fire support assets, 

* the capabilities of the ground units ashore, and 

ws See LVA prototype variants. 
| The entire auxiliary modelling methodology is structured in order 
to be capable of performing this detail of sensitivity analysis. By ex- 


plicitly evaluating the decision criteria against the numerous feasible 
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environments, it is possible to determine not only what is a "preferred" 
tactic against a single particular scenario but also to evaluate the 
relative stability of that tactic against a broad range of scenario 
variations. 
a. Shore Defenses 

Three variations in the initial strengths ofthe two defen- 
Sive weapon categories were implemented in this analysis. The combina- 
tions were chosen so that it would be possible to determine if the pre- 
ferred tactical alternative as defined by the variables TBW and RD was 
a function of the defensive force mix. The radically different effective 
engagement ranges of the tank and ATGM systems provide a means by which 
it can be determined if the preferred RD is dependent upon the engagement 
ranges of the beach defenses. The three force mixes (I, II and III) are 


defined below. 


DEF. FORCE MIX INITIAL STRENGTH OF STATE VAR. 
Swe =o 

I 3 

II 2 2 

III 1 3 


In implementing these three force combinations it was desired to elim- 
inate as much as possible the "scenario dependent result." 
b. ATFFS/TLF Capabilities 

The effects of the ATF's fire support on the shore defenses 
was aggregated, through the use of data reduction techniques, into several 
generalized input parameters. A similar methodology was used with respect 
to the effect of ground engagements between the Marine forces ashore and the 
two defensive units. In this application two levels of ATFFS/TLF capabili- 


ty were assumed which reflect both an optimistic and a pessimistic viewpoint 
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as to the real effectiveness which would be realized in these facets of 
an amphibious operation. The coefficients for these two levels of ef- 
fectiveness are specified in Table II. 
c. LVA Prototypes/Wave Composition 

Table III lists the design characteristics for two hypo- 
thetical LVA prototype vehicles. Similar specifications for the current 
LVTP-7 are also given. The essential difference between LVAX? and LVAX2 
is that the LVAX] travels more quickly in the displacement mode while 
the LVAX2 design is significantly faster in the planing mode. 

For all three vehicles it is assumed that the assault waves 


would be composed of the following numbers of craft per wave: 


WAVE NUMBER NUMBER OF CRAFT 


12 
12 
1 
10 
a5 TOTAL 


Pwr — 


B. MODEL REPLICATIONS 

In applying the auxiliary model to the evaluation of alternative 
(RD,TBW) combinations, the sensitivity analysis envisioned included 
the following numbers of feasible parameter sets within each of the 


four basic categories of model] input: 


CATEGORY APPLICATION DESCRIP. NO. SETS 

System Attributes LVA Prototypes 2 

System Tactical Em~ (RD,TBW) Combinations 18 
ployment Concepts 

' Anticipated Force ATFFS/TLF Levels of 2 

Capabilities Effectiveness 

Anticipated Enemy Def. Force Mix 3 
Threat 
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This yields a total of 216 replications of the model. It can be seen 
that the total number of model runs increases rapidly during the course 
of a detailed sensitivity analysis, which may serve to be indicative 

of the difficulties encountered in utilizing only a high-resolution 


stochastic simulation in this type of analysis. 


TABLE II. ATFFS/TLF COEFFICIENT LEVELS 


GENERALIZED INPUT ATTRITION ATFFS/TLF LEVEL OF EFFECTIVENESS 
RATE COEFFICIENTS OPTIMISTIC PESSIMISTIC 
ICOEF = | ICOEF = 2 
LF : 
WBETA, + 0.0007 0.0005 
WBETAn¢ 0.0009 0.0006 


ATFFS AREA FIRE: 
ALPHA, ~*ATFFS 0.00006 Q. 00006 
ALPHA, <*ATFFS 0.00008 0.00008 


ATFFS AIMED FIRE: 


BETA) *ATFFS 0.0005 0.0002 
BETA) *ATFFS 0.0007 0.0004 
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TABLE III: HYPOTHESIZED LVA PROTOTYPE SPECIFICATIONS 


DESIGN SPEC. LVAX1 LVAX2 LVTP-7 
SPDMAX 12.0 M/SEC 16.0 M/SEC S90 7 SEC 
SPDMIN O40 ou - 

HTMAX 1.676 M 1.676 M 0.83 M 
HTMIN 0.635 U5685 - 

WID S005 S008 3.20 M 

TTS HO SEE SU See - 


The auxiliary model by design provides a flexibility to the user in its 
ability to process a large number of parametric combinations in a rela- 


tively efficient manner. 
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C. INITIAL MODEL RESULTS 
The initial approach in evaluating the employment criteria problem 
was the generation of a single data point for each of these 216 possible 
input parameter sets. That single number was the MOE defined for the 
application: the total number of surviving LVA arriving ashore, desig- 
nated by the variable TSURV. Appendix A contains a complete compilation 
of these survivor populations. This section shall analyze in detail 
those results pertaining to the defensive force mix initially comprised 
of the state variable combinations DT = 3 and DS = 1. The complete 
set of data indicated that the tank system appeared to dominate the 
attrition of incoming LVA. The (DT=3;DS=1) force mix therefore may be 
considered to represent a "worst case" situation with respect to the 
other scenarios. 
Figures 12 through 14 illustrate certain trends with regard to the 
two tactical decision variables. Each plotting symbol represents a 
replication of the auxiliary model with the particular (RD,TBW) combina- 
tion indicated. From these survivor plots the following observations 
have been made: 
* The runs applied against defensive force mixes II and III tended 
to result in relatively stable tactical employment. The term 
Stable indicates a tendency for the MOE to remain relatively 
constant over a broad range of independent parameters, i.e. RD 
and TBW. In these runs there did exist a tendency for the total 
number of LVA survivors (TSURV) to increase slightly as the 
slowdown distance was moved farther out from shore. 
* The runs applied against defensive force mix I (Tank heavy) 
appeared to exhibit the most radical variations with respect 
to the two tactical employment criteria. This observation 


can be made with respect to both the LVAX] and LVAX2 designs. 
The general trends against this mix include: 
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1. a relatively stable survivor outcome for RD transitions 
initiated from 2000 to 3000 meters offshore, 


2. a general increase in TSURV as TBW is decreased from 240 
seconds down to 120 seconds between successive waves ar- 
riving ashore, 


3. both vehicles demonstrate a high degree of sensitivity 
to the RD parameter in the 500 to 1500 meter range 
(generally TSURV is significantly less at RD = 1000 than at 
RD greater than 1500), 


4. LVAX2 tends to exhibit a substantial increase in survivabi- 
lity when RD is as close to shore as possible (RD=500M). 


Both LVA prototype designs indicate similar trends with regard 


to the tactical criteria, differences being in relative magni- 
tudes of the results. 
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Figures 15 and 16 illustrate the results obtained by utilizing a 
lower level of effectiveness for the ATFFS/TLF units. In contrast with 
Figures 12 and 14 it may be seen that the same general pattern exists 
between the MOE and the (RD,TBW) combinations. The magnitude difference 
‘in the final model outcome reflects the differences in fire support 
capability between the two sets of data. 

To provide a basis of comparison for the relative magnitudes of the 
final survivor outcomes, the auxiliary model was also executed with the 
performance characteristics of the LVTP-7. These results are listed in 
Table IV. It can be seen that both. LVA prototype designs generated 
Significant increases over the LVTP-7 in the desired MOE when employed 
with a "preferred" tactic. It should be noted however that when evalu- 
ated under certain tactical employment options, the LVA was not as ef- 
fective as the current LVTP-7. It is with regard to this type of com- 
parison that the ability to perform extensive sensitivity analysis with 
respect to the various input parameters is essential. If such variations 
in the input criteria are not readily performed, the analyst is required 
to assume what constitutes a "good" tactical employment of the proposed 
design. The serious implications of such a tactical assumption have 


been demonstrated by this example. 
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CASE 


DT = 2 


DT = |] 


TABLE IV: 


AUXILIARY MODEL RESULTS - LVTP-7 
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D. SEQUENTIAL WAVE TRANSITION - DETAILED ANALYSIS 

The initial model runs implied certain trends which seemed some- 
what counterintuitive and hence required further investigation. The 
model program contains an option which when implemented provides the 
user with a time breakdown of the state variable status and also the 
attrition rate being applied to each unit. Through the use of this 
model generated information, it was possible to formulate certain plausi- 
ble explanations as to why the model behaved as it did. To perform the 
analysis, certain input parameter cases were defined which demonstrated 
widely variant initial results. The following cases represent a cross- 


Section of the parameter sets investigated. 


SEQUENTIAL TRANSITION: CASE DEFINITIONS 


CASE PROTOTYPE _ICOEF DEF MIX RD TBW TSURV 
A LVAX1 ] I 3000. [706 201.19 
B LVAX] | I 1000. 240. Q. 
c LVAX2 ] I 1500. 240. less 
D LVAX2 1 I 200. 240. 30.311 


The time breakdown data generated by the auxiliary model for these 


case studies is presented graphically in Figures 17 to 24. 
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Certain significant factors which influence the final model out- 
come were determined in the analysis of these time breakdowns. The 
following general trends exist: 

* A rapid initial buildup of TLF results in a steep decline in the 
Strength of the defensive units. This rapid buildup is precipi- 
tated by a relatively high percentage of survivors in the first 
LVA assault wave ashore. 

* The cases which resulted in low final survivor outcomes were 
characterized by high attrition losses in the first LVA 
assault wave. The results indicated that the survivor rate in 
the first wave was the crucial factor in total survivor results. 


* The degree of attrition loss to an incoming wave is dependent 
upon two factors: 


1. time within a defensive weapon engagement window, and 


2. the existance of multiple waves within an engagement 
window forcing a splitting of fires between the waves. 


In comparing LVAX1 CASE A (yielding a high TSURV) to CASE B (yielding 
a low TSURV) several possible explanations were formulated as to the 
underlying reason for the differences in final outcome. The high losses 
suffered in CASE B seem to be characterized by disjoint firing brackets, 
these brackets being the shaded areas in Figure 20. Each wave is ini- 
tially engaged immediately upon entering the engagement window and re- 
ceives the full impact of that defensive capability until it leaves the 
window, i.e. there is no allocation of fire between multiple waves. Al- 
ternatively, in CASE A the firing brackets overlap to such an extent 
that both defensive units are constantly splitting their fire between 
two waves. Waves 3 and 4, in this case due to their physical relation- 
ship with the first two waves, are well into the engagement windows be- 
fore receiving any fire at all. This can be seen by observing in Figure 
18 the short engagement times the last two waves are exposed to in com- 
parison with the first two waves. The high proportion of engagement 
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overlap is also evident. In effect, CASE A exemplifies the capability 
of the incoming assault waves to saturate the shore defenses. It there- 
fore becomesthe objective of tactical employment to capitalize on this 
saturation phenomenon. 

The high planing speeds of the LVAX2 design provides another option 
to be considered in the minimizing of LVA losses. Figure 24 for CASE 
D demonstrates the case where the high speed of the vehicle through 
the engagement window more than compensates for the detrimental effects 
of disjoint firing brackets. Although in this case there is no alloca- 
tion of fires between multiple waves, the time under fire per wave is 
extremely short resulting in low attrition losses. 

The results of the detailed time breakdowns for these four cases 
has provided several cues as towhat distinguishes a preferred tactical 
employment scheme. The two criteria which must be considered in imple- 
menting a sequential wave transition plan are: 

*  Saturate the defensive capabilities by forming the assault 

waves such that multiple waves will occupy the engagement 
windows concurrently. 


* Employ the LVA such that it traverses the engagement area ina 
minimum amount of time, i.e. minimize time under fire. 


Upon examining these two factors, it was discovered that an employ- 


‘ 


ment pattern did exist which might both minimize the time under fire and 
require a splitting of the defensive fires. I have termed this tactic 


simultaneous wave transition. 


E. SIMULTANEOUS WAVE TRANSITION 

In an attempt to minimize the losses incurred by the assault waves 
of LVA in an amphibious operation, the following tactical scheme is 
Proposed. 
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SIMULTANEOUS TRANSITION: Waves of assault craft are formed in the 
maneuver area at a specified intra-wave 
distance. When the first wave reaches 
the RD coordination Tine, all waves of 
LVA initiate their transition from the 
planing mode to the displacement mode 
Simultaneously. Figure 25 illustrates 
this concept. 

In order to maintain the interarrival time between waves reaching 
the beach at TBW, the waves are preset prior to the onset of this model 
at the distance TBW * SPDMIN apart. The assault waves maintain this 
distance both before and after transition. 

The original results obtained for this developed tactic were based 
on the four case studies used in the previous time breakdown analysis. 


The final model outcomes were encouraging. 


SIMULTANEOUS WAVE TRANSITION: CASE STUDY RESULTS 
CASE PROTOTYPE ICOEF DEF.MIX RD TBW Tei Nc TSURV cra 


A LVAX1 1 I 3000. 120. 26, \5 28.14 
B LVAX1 1 I 1000. 240. Q. 23.74 
C LVAX2 ] I 1500. 240. Plas 1 Serene, 
D LVAX2 ] I 900. 240. 30.3] 30.17 


While CASES A and D resulted in essentially the same LVA survivor 
populations, there was a significant increase in the survivability of the 
LVA in CASES B and C when employed in the simultaneous mode. Again, for 
the purposes of developing an explanation into why these results occurred, 
time breakdown data was generated. Figures 26 and 27 provide the same 
graphical representation of the timed data as used in the sequential 
transition version of case study B. Several observations can be made: 

* There is a significant increase in the number of surviving LVA 

‘in the first assault wave arriving ashore. This first wave's 

arrival ashore initiates the rapid decline in defensive force 


Strength for the tank and ATGM units. 
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FIGURE (25): TACTICAL EMPLOYMENT PARAMETERS - SIMULTANEOUS TRANSITION 
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* The first assault wave is exposed to hostile fire for a rela- 
tively short period of time. This, augmented by the fact that the 
second wave enters the defensive weapon's engagement range prior 


to the first wave departing it, accomplishes for the critical 
first wave the desired criteria oS 
1. minimizing exposure time, and 
-2, Saturating the engagement windows with multiple waves. 

* The spacial relationships involved require the second through 
fourth assault waves to be exposed to defensive fires for longer 
periods of time than the first wave is. This effect is compen- 
Sated for by the weakened posture of the defensive units precipi- 
tated by the increase in TLF capability. 

The time breakdown data emphasizes the intuitive notion that the 
initial landing wave is critical to mission accomplishment. If a signifi- 
cant: number of LVA in that first assault wave survive, the combat strength 
they contain can be immediately allocated to the defensive units. This 
reduction in defensive capability substantially diminishes the attrition 
of incoming LVA. 

Appendix A contains the TSURV results for the 216 original input para- 
meter sets utilizing a simultaneous transition employment scheme. Figures 
28 and 29 provide a representative sampling of this data base. It is noted 
that the survivor results tend to exhibit greater stability over the 18 
(RD.TBW) combinations, that is, there does not exist a wide variance in 
Survivor outcome as the slowdown distance RD is moved toward shore as was 
evident in the sequential runs. From a practical viewpoint this provides 
a greater measure of tactical flexibility. Several additional trends 
were dictated by the data generated for the simultaneous mode. 

* The data indicates a tendency for the number of survivors of 

the LVAX2 design to increase as the RD coordination line is 


brought closer to shore. This trend is not as prevalent for 
the LVAX1 prototype. 
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The LVAX1 design demonstrated a decrease in survivability when 
employed with a large TBW parameter. This is due to the slower 
speed of this design. At shorter interarrival times between 
waves at the beach there exists considerably more firing bracket 
overlap than when this interarrival time is increased to 240 
Seconds. This is due to the fact that the intrawave distance 

is also increased to 240.*SPDMIN, causing a significant decrease 
in the total time spent with multiple waves within the engage- 
ment windows. 


F. HYPOTHESIS FORMULATION 


In order to investigate the large number of feasible combat environ- 


Ments in which the LVA might be employed, 435 replications of the auxili- 


ary model were performed in this application. From the model results 


several 


insights into the dynamics involved in an amphibious operation 


were developed. Specific hypotheses were formulated which should be 


tested by utilizing a high-resolution combat simulation. These hypotheses 


include: 


* 


Two primary employment schemes exist with respect to the deploy- 
ment of assault waves of LVA in the waterborne phase of an 
amphibious operation: 

1. Sequential Wave Transition 

2. Simultaneous Wave Transition 

The use of simultaneous wave transition provides a greater sta- 
bility in the resultant number of LVA survivors over a broad 
range of (RD,TBW) combinations than does the sequential scheme. 
In the simultaneous transition tactic, TSURV tends to increase as: 
1. RD is decreased to 500 meters, and as 

2. BW is decreased to 120 seconds. 

With regard to the survivor criteria, the simultaneous transition 
tactic generally results in better performance than the sequen- 


tial transition tactic, for any particular set of RD, TBW para- 
meters. 
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V.° MODEL APPLICATION: DESIGN SPECIFICATION CONSIDERATIONS 


In the examinatton of the various tactical employment options it was 
discovered that if the speed of an LVA in the planing mode was substan- 
tially higher than the minimum requirement of 25 MPH, a single wave was 
capable of traversing both defensive weapon engagement windows quickly 
enough to sustain significantly less attrition than when using the same 
tactic with a slower vehicle. This is an example of the situation the 
designer is faced with when attempting to specify the various physical 
performance characteristics of a new system such as the LVA. Is the in- 
crease in production costs justified by a commensurate increase in the 
ability of the system to accomplish its intended mission? 

Another similar sort of problem has been stated previously. Is it 
best to traverse the engagement area quickly presenting a large target 
profile or alternatively, is it best to cross the engagement area more 
slowly but in the process expose a much smaller target area? This 
question also directly relates to certain design parameter tradeoffs 
which must be made by the system designer. 

This section describes an application of the LVA auxiliary model 
to the evaluation of selected physical performance characteristics. It 
is assumed that theLVA at the time of this application is still in the 


conceptual stages of its development. 


A. TIME UNDER FIRE/TARGET PROFILE TRADEOFFS 
The strategy used with regard to this design question was substan- 


tially different than that utilized in the tactical employment application. 
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In order to develop an intuitive base for the dynamics of the problem, 
‘the scope of the modelling effort was initially reduced to investigating 
the relationship that existed between the height and speed characteristics 
of an LVA to that vehicle's vulnerability to direct-fire while travers- 
ing an engagement window. This was accomplished for each of the defensive 
weapon systems. 

The auxiliary model was initially executed with a single wave com- 
prised of essentially an infinite number of LVA. For the purposes of 
these initial runs, the height and speed of the incoming wave was con- 
Sidered fixed, that is, there was no transition from a planing to a dis- 
placement mode. The initial defensive force units were set at DT = 5.0 
and DS = 5.0 at the start of each run. For each set of design specifi- 
cations the total number of incoming LVA attrited by the tank and by the 
ATGM defensive units was recorded. The intent of this approach was to 
determine the total number of target vehicles the defensive units were 
capabie of destroying as a single wave of LVA traversed each of the en- 
gagement windows. This number of attrited LVA's was then considered an 
indication of the LVA's vulnerability to that category of direct-fire 
weapon. The objective then from the standpoint of LVA design was to iden- 
tify that combination of feasible height and speed characteristics which 
minimized this vulnerability. These results are contained in Tables V 
and VI. It is noted that certain (HT,SPD) combinations were assumed to 
be infeasible due to engineering constraints. For example, it is physi- 
cally impossible to achieve a high water speed while the landing craft 
1s submerged such that only less than a meter is exposed above the water- 
line. Several rather intuitive observations may be made with respect 
to these initial attrition results: 
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TABLE V; VULNERABILITY ASPECTS OF LVA HEIGHT AND SPEED 
AGAINST THE DEFENSIVE TANK 


HibeleGul lame eke) 


Panto GeO Coe 0 TG dT eG 
DISP 3.5 28.26 27.25 28.99 30.53 
MODE 
4.0 22.83 24.58 26.11 27.46 


SPD (M/SEC) : NOT FEASIBLE 


PLAN 10.0 14.53 14.98 15.33 
MODE 
4a 12.26 12.60 12.87 
SPD (M/ SEC) 14.0 NOT FEASIBLE 10.07 11.03 11.29 
16.0 8.64 8.92 9.15 
18.0 OB. Us 28252) Eeaou 


Note: Table entries represent the total number of LVA, 
employed in a single incoming wave at the height 
and speed characteristics indicated, that a de- 
fensive TANK unit of initial strength of 5.0 is 
capable of attriting. (TATTRp+) 
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TABLE VI: VULNERABILITY ASPECTS OF LVA HEIGHT AND SPEED 
AGAINST THE DEFENSIVE ATGM 


SN Se 


once per On eo See eel | 
DISP 3.5 9.75 11.27 12.74 14.16 
MODE: 
4.0 - 8.84 10.21 11.55 12.84 
SPD (M/SEC) NOT FEASIBLE 
4.5 7.69 8.88 10.05 11.16 


JO 7.24 8.37 9.46 10.50 


= => = => ~- = = Gey = = = = = = = = = = = = bd = = > = i) a= # — 


PLAN 10.0 8.50 9.25 9.98 
MODE: 
12.0 6.94 7.55 8.08 
SPD(M/SEC)14.0 NOT FEASIBLE 5.75 6.26 6.69 
16.0 5.39 5.87 6.28 
18.0 4.60 5.0] 5.35 


: Note: Table entries represent the total number of LVA, 

| employed in a single incoming wave at the height 
and speed characteristics indicated, that a defen- 
sive ATGM unit of initial strength of 5.0 is capable 
of attriting. (TATTRn<) 
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* The total number of LVA that were attrited by the defensive 
tank unit (TATTRp ) and also by the ATGM unit (TATTR»<) de- 
creased for any Biven height as the speed of the LVA increased 
reflecting the reduction in time under fire. 


* Both TATTR», and TATTRy. increase for any given speed of the 
LVA as the height of the LVA is increased, reflecting the in- 
crease in the hit probability attained due to the larger 
target profile. 

* Although tn these runs the two defensive force units were identi- 
cal in initial strength, the defensive tank unit was capable of 
attriting significantly more LVA than was the ATGM unit. 

Attrition matrices similar to those contained in Tables V and VI 

provide valuable tradeoff information to the designer in his choice of 
appropriate (HT,SPD) specifications for each of the two operating modes. 
For example, in the displacement mode the following designs would exhibit 


roughly comparable vulnerabilities to the direct-fire weapon systems 


modeled. 
DESIGN HEIGHT SPEED TATTRe © TATTRa 
A 0.6 M 4.0 M/SEC 22.83 8.84 
B 0.8 4.5 22.98 10.05 
C 0.9 5.0 23.04 10.50 


This information then provides a flexibility in the selection of the 
final design specifications. Assuming a maximum allowable threshold for 
the expected total number of LVA attrited, comparable designs might be 
evaluated with respect to a second criteria such as cost. 

It is noted that the magnitudes generated for TATTRy + and TATTR p< 
in this preliminary approach reflect an abstract situation with regard 
to what might be considered a realistic employment scheme for LVA in the 
Ship-to-shore movement. The value of the TATTR results is that they 
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provide a convenient measure from which gross design comparisons may be 
made. If a greater number of LVA of a particular (HT,SPD) combination 
are attrited than with an alternative deSign, one can conclude that the 
first design tends to be more vulnerable to the effects of the two 


direct-fire defensive systems. 


B. SURVIVOR MATRIX GENERATION 

The auxt tary model provided an analytic tool by which performance 
trends between alternative system design parameters were established. A 
fundamental fallacy in the single wave preliminary approach was the fact 
that the interactions between the LVA design parameters and the actual 
tactical employment procedures were essentially ignored. This section 
presents an extension to the preliminary approach which incorporates 
these tactical interactions in the evaluation of the various design 
specifications. 

1. Feasible Design Combinations 

It was assumed that due to imposed engineering constraints cer- 

tain specification limits had been placed on the four design variables 
to be evaluated. Within these bounds several values were chosen for 


each variable as listed below. 


FEASIBLE LVA DESIGN PARAMETERS 


| DESIGN VARIABLE FEASIBLE VALUES 
DISP MODE: 
HTMIN- 0.6 0.7 0.8 0.9 meters 
SPDMIN 3.5 4.0 4.5 5.0 meters/sec 
PLAN MODE 
HTMAX ae ey A. ee meters 
SPDMAX 1: lee 14, 16. 18. meters/sec 





These values yielded a total of 16 displacement designs and 15 planing 
designs. It was further assumed that it was possible to combine any 
of the displacement designs with any of the planing designs to generate 
a feasible description for an LVA prototype. There existed a total of 
240 such possibilities. 
2. Scenario Development 

It was decided to exercise each of the feasible LVA designs with 
the following tactical variations: 

* TACTIC A: Simultaneous Transition, RD = 3000. TBW = 180. 


* TACTIC B: Simultaneous Transition, RD 500. TBW = 240. 


The scenario against which the designs were to be evaluated was for the 
purposes of this example restricted to the following input parameter set. 
SeeOke= 0.0 DSe= |. 0s ICOEF = 1 
3. Model Results 
Appendix B contains the resultant survivor matrices. The measure 
of effectiveness by which the LVA designs were compared was the total number 
of LVA survivors arriving ashore (given an initial wave population of 
45):TSURV. In interpreting the model results the objective was to identify 
Significant trends which relate the four decision variables to the stated 
MOE. Figures 30 and 31 illustrate the significant factors with respect 
to the two tactical employment options used in the example. The shaded 
bands in these figures represent the range of the results realized for 
the two factors noted. Several trends are suggested by Pheseufaecoree 
* As might be expected, in using a tactic that has the LVA slow 
down at 3000 meters offshore, the height and speed character- 
istics in the displacement mode (HTMIN,SPDMIN) are the critical 
design features influencing the survivor results. Similar trends 


to those found jin the preliminary single wave modelling effort 
were again seen here. 
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* In using TACTIC B somewhat different explanatory design para- 
meters were discovered. Of the four decision variables, the 
speed in the planing mode (SPDMAX) and the height in the displace- 
ment mode (HTMIN) provided the major contributions to the final 
Survivor outcome. The effects of these variables on TSURV also 
followed the same trends as exhibited by the preliminary model 
with respect to the impact of time under fire and the resultant 
target profile. Specifically, 


1. TSURV increases as SPDMAX increases for any given HTMIN, 
and also 


2. TSURV decreases as HTMIN increases for any given SPDMAX. 
The primary advantage of this second approach to the design trade- 
off problem is that the synergistic effect of the LVA speed character- 
istics on both time under fire and the intra-wave distance is explicitly 
modeled into the final outcome. The importance of the intra-wave distance 
to the splitting of defensive fires between multiple waves has been seen 


to be a factor which cannot be ignored. 


C. HYPOTHESIS FORMULATION 

| By examining numerous replications of the auxiliary model, certain 
insights were formed which were formalized into several specific hypo- 
theses. These generalizations include: 


* In the design of an LVA which is to be employed such that 
the waves of incoming craft will simultaneously transition 
from the planing mode to the displacement at a relatively close 
distance from the shore, i.e. 500 meters, the primary design 
specifications which determine the total survivors ashore are 
SPDMAX and HTMIN. The relationship illustrated in Figure 31 
indicates the general tendencies. 


* In implementing a tactic that initiates the simultaneous 
transition of incoming waves relatively far from the beach, the 
primary design specifications which determine the total survi- 
vors reaching shore are SPDMIN and HTMIN. The relationship 
illustrated in Figure 30 provides an example of the general 
tendencies to be expected. 
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It must be recognized that the purpose of this model application 
was to provide certain insights into the behavior of the system. The 


objective of the auxiliary model] methodology is the identification of 


certain patterns. A subsequent testing of these hypotheses would be 


accomplished by utilizing a high-resolution combat simulation fol lowed 


by actual field testing. The potential of this type of modelling effort 
rests in its ability to easily provide a crude functional relationship 
between the design variables and the performance measure. The synthesis 
of this approach with a design-to-cost methodology warrants further 


investigation. 
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VI. SUMMARY 


In the development of a proposed system which implements a state- 
of-the-art advancement in its conceptual basis, there exists dual facets 
to the conceptual problem which must be addressed simultaneously. It 
is necessary to 


* establish specification limits for the primary physical 
performance characteristics, and 


* formalize the proposed concept of employment. 

These two aspects of the developmental process are normally highly cor- 
related. In the analysis of a proposed employment concept, it is neces- 
sary to make certain assumptions with respect to the physical capabili- 
ties of the new system, and alternatively, the determination of significant 
design requirements is highly dependent on the assumed method of system 
use. 

A fundamental difficulty encountered in addressing this dual problem 
is the tendency to generate numerous combinations of "interesting" fea- 
sible input cases requiring evaluation and then in the process of this 
evaluation utilize a costly, highly sophisticated, "off-the-shelf" com- 
bat simulation model. Such a detailed investigation of each of the 
feasible input cases requires substantially more time and resources than 
are normally available for this type of analysis. In an attempt to in- 
stitute a measure of modelling efficiency into this process, this thesis 
has proposed an analytic procedure which attempts to identify a smaller 
representative subset of the entire feasible input region for subsequent 
applicatton to a full scale model. This is accomplished by the develop- 
Ment of a simplified model, specifically tailored to addressing a 
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particular aspect of the combat environment, which then provides the 
vehicle by which the analyst may gain insights into the underlying 
variable interrelationships. In order to provide an illustration of this 
auxiliary modelling approach, the methodology was applied to selected 
facets of the dual problem as it relates to the development of a high 
speed amphibious enicies the LVA. 

In formalizing the LVA concept, certain simplifications were insti- 
tuted in order that such a simplified model might be developed. Having 
assumed that the survivability characteristic of the LVA was the funda- 
mental criteria by which various proposals might be compared, it was neces- 
Sary to structure the model to address that particular aspect of the amphi- 
bious combat environment. It was assumed that the defensive direct-fire 
weapon systems played the predominant role in the attrition of incoming 
waves of LVA. The auxiliary model was therefore specifically designed to 
provide a high ievelor detail with respect to the interrelationships 
each of the decision variables made with regard to the attrition effects 
attributable to the two defensive direct-fire assets, tank and ATGM. Peri- 
Pheral issues related to the primary focus of the modelling effort were 
simplified by the use of generalized input parameters which in an actual 
application would be generated by data reduction techniques from previous 
high-resolution modelling applications. 

Two specific applications have been discussed which demonstrated 
various modelling approaches with regard to the dual aspects of this 
system developmental process. In both examples, the auxiliary model was 
utilized to evaluate a large number of alternative decision variable 
combinations. The relative simplicity of the model made it economically 
feasible to perform extensive sensitivity analysis and in so doing 
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establish the stability of the resultant trends to various input fluc- 


tuations. 


A. LVA CONCEPT OF EMPLOYMENT 

As originally envisioned this application of the LVA attrition 
model was to encompass approximately 216 input cases reflecting various 
feasible combinations of the two decision variables, RD and TBW. RD is 
the distance offshore at which the incoming waves of LVA initiate the 
transition from a planing mode to a displacement mode. TBW is the time 
between the arrival of incoming waves at the beach. A sequential wave 
transition process was to be used by the incoming waves. A detailed sen- 
Sitivity analysis was performed which encompassed varying combinations 
of two hypothetical LVA designs, three defensive force mixes and two 
generalized levels of effectiveness for the fire support capabilities 
of the Amphibious Task Force. The intent in addressing this large num- 
ber of cases was to establish whether a tactical employment procedure 
resulted in consistent performance, or whether there existed certain 
dependencies on the various feasible scenario assumptions. 

The auxiliary model, although relatively unsophisticated in nature, 
has demonstrated by means of this example that a simple modeling approach 
is capable of providing not only gross trends with respect to the deci- 
sion parameters involved in a problem, but also is capable of generating 
sufficient information regarding the combat dynamics of the process to 
cue the development of additional alternatives. The state variable and 
attrition rate time breakdowns aggregated the complexities incorporated 
in the ship-to-shore movement in order that the following rather intuitive 


observations might be made. 
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* The survivor rate for the first assault wave is a dominant 
factor in determining the final LVA survivor outcome. 


* The magnitude of attrition imposed upon an incoming wave is 
determined by the 


1. Time under fire, i.e. the time required to traverse the 
defensive weapon engagement window, and 


2. The existance of multiple waves within an engagement window 
"forcing" the defensive unit to split his fire between the 
multiple waves. 

In the analysis of the model results pertaining to sequential wave 
transition, various insights were gained into the general behavior of 
the system. These insights highlighted certain aspects of the dynamics 
which prompted the definition of an up-to-that-point unrealized alterna- 
tive tactical option: SIMULTANEOUS WAVE TRANSITION. From the exten- 
Sive application of the simple auxiliary model to this problem, several 
tentative hypotheses were formed. 

* The simultaneous wave transition tactic generally results in a 
larger number of surviving LVA reaching the shore than when 
uSing the sequential wave transition tactic. This generalization 
appears to hold for any set of (RD, TBW) tactical employment 


Parameters. 


* In using simultaneous wave transition, TSURV tends to increase 
as: 


1. the transition is initiated closer to shore, and 
2. as the time between the arrival of Successive waves iS 
decreased. 
B. LVA DESIGN APPLICATION 
A second example of the use of a simplified auxiliary model has 
been presented with regard to the evaluation of certain design specifi- 
cations for the LVA. The model was initially implemented to derive the 
interrelationships of the height and speed of an LVA traversing a direct- 
fire weapon engagement window with the vulnerability of that vehicle to 
the attrition effects of the tank and ATGM weapon systems. This elementary 
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approach identified tradeoff guidance in the comparison of various 
(HT,SPD) combinations. Attrition matrices for both the tank and the 
ATGM weapon systems were created which provided specific vulnerability 
measures for each of the input design cases. From this information 

it was possible to address the question: "What are the consequences 
of traversing an engagement window quickly while presenting a large 


target profile in comparison with traversing the same window more slowly 


aS a smaller target?" This size-speed tradeoff served as the basic 


issue underlying the remainder of the design application. 

In order to capture the synergistic effect of the LVA speed character- 
istic with the actual tactical criteria involved in the employment of 
waves of LVA, a total of 480 replications of the model were made. These 
runs represent the evaluation of 240 feasible LVA designs each utilized 
in two tactical employment options. The results of this analysis estab- 
lished the significance each of the four design features addressed makes 


with respect to the survivability of the craft. The following hypotheses 


describe these results. 


* In the design of a planing hull vehicle which is to be employed 
utilizing a simultaneous wave transition initiated close to the 
Surfline, the dominant design features are the speed of the 
craft in the planing mode and the height of the craft in the 
displacement mode. Over the broad feasible ranges investigated, 
SPDMIN and HTMAX are essentially secondary considerations. 


* In the design of a planing hull vehicle which is to be employed 
utilizing a simultaneous wave transition initiated outside the 
maximum effective ranges for the direct-fire defensive weapons, 
HTMIN and SPDMIN are the dominant factors influencing the 
vehicle's survivability. 
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C. CONCLUSION 
It must be emphasized that the purpose of a simplified auxiliary 
model as proposed within this thesis is to provide preliminary insights 


into the specific problem being modeled. The simple model is tobe 





used as a tool in conjunction with a high-resolution simulation model, 
not as a replacement for such a detailed model. The primary intent for 
developing the simple model is encompassed by the fact that full scale 
Simulation results are essentially driven by input data. The benefit 
of preliminary auxiliary modelling is in the assistance it provides 

the analyst in defining a relatively small subset of the entire realm 
of possible input cases. This case subset may then be thoroughly in- 
vestigated using the highly detailed and usually costly full-scale 
simulation. This methodology is illustrated in Figure 32. 

It has been the intent of this thesis to use the LVA design and 
employment problem as an illustration of this proposed modelling stra- 
tegy. In the process of developing this example, several intuitive 
insights into the survivability aspects of the LVA have been highlighted. 
The tentative hypotheses which have been formulated with regard to the 
LVA concept hopefully provide a basis from which subsequent modeling 


efforts may be initiated. 
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APPENDIX As TACTICAL EMPLOYMENT APPLICATION RESLLIS 
LVA AUXILLIAPY MODEL 
| LVAX1 SECUENTIAL WAVE TRANSITIOA oT =232 oS =1 
| ICCEF = 1 
RC: 500. 1009. 15390. 2999. 2599. 30C0. 
Sh oe eK oh ea OK a oh xe afr ae ak oe ae oe ae ee 9 SSK att le See Se ok oH OP pS HK oR Se ho oe ke ok Sie oe oko oe ok 
ewe loo. * Togo” 22 e20 “26068 wll aa 27. ce 28a 
240. : 19.93 0.00 17.55 29.36 29.€& 22.56 
LVAXL SECUENTIAL WAVE TRANSITION Dros ok 0S: Ze 
ICCEF = l 
Qc 599. 1009. 1500. 72099. 2599. 300C. 
AB pies SA oi to koh nrg oped A rk eo ed reg eg hogey o 
Tzh: 120. * 24656 25639 28644 29.59 206CE 30.84 
180. * Danae lead wooo co84 Meco. oumaceadc 
244. : 26.642 20.682 24.00 25.94 27.24 26.23 
LVAX1 SEQUENTIAL WAVE TRANSITION piossle . oS =3 
ICOEF = 1 
C: 500. 1000. 1500. 2999. 2560. 3000. 
eet et PP Pt ket PSE SESS Ste >t tet ft oS ee eb Ee ot + -2-S- S$ 55-3 > o> oS S| 
TBh: 129. * 230448 27589) 29202 Sago 322.20 (32 acc 
180. * 27075 26629 28.75 21.02 21.73 32.69 
2406 * BO.7S 28.22 126e502 “esets 2CeccG 832.0 C 
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APPENDIX A: TACTICAL EMPLOYMEAT APPLICATION RESLLTS 
(CONTINUED) LVA AUXILLIARY MODEL 
LVAX1 SEQUENTIAL WAVE TRANSITION eo 95 = 1 
RD: 5006. 10006 150Ce. 2000. 25C0. 30C0. 
Eerrrterert et Stee Se et ee rtrer er + ere tert ss st cere rece rrrt rs ft 
TW: 120. * ile Temes olga sol? 20g os ae 
189. * Seb 1 S001 ietlels.61 16568 2i.2e 
2405 # yes Meta) Movers eGR ce | cls y/la tnlaec’: mama Atoly, 
LVAx1 SEQUENTIAL WAVE TRANSITICN OT =z ¢S$ =2 
ICOEF = 
D: 500. 1000. 1500. 2000. 2509. 3009. 
Thoth she oh oe ok oh oe oe HE kek KK oh ese ok a see eats ek RAK ASAKARKAKASAKKRHABAS 4 
TBW: 120. # Users’, 20e78 © 24ests e554 1.26005 26.04 
180. * eee a LOM Om eee GleeeeGece) ol5jae 
PAN ae * 29.44 11.47 16.62 19.38 20.99 22.26 
LVAX1 SEQUENTIAL WAVE TRANSITICN OT = 1 OS =2 
[COEF = 2 
Cc: 5906. 1000. 1590. 2900. 25C0. 30CC. 
Me he he heh oe te he hhh oe ke oe oe fe he ate he he She ie ods ae oie ye ee ote oh) tk he ote oe he he tee ote he oe he he ate ok ote te ee 
Teh: 120. * Die Dueaie Pega eeiccco) = 26642 “ses 
180. * Dees (eles 24ebe emer soe) ese S. Sess 
Z40. * Poke cepee8 gandih “s24qn74 “2605S. 927.68 
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APFENDIX A: TACTICAL EMPLOYMENT APPLICATION RSESLLTS 
(CONTINUED) LVA AUXILLIARY MODEL 
LVAX2 SEQUENTIAL WAVE TRANSITION DT = 2 OS = il 
ICOEF = 
RD: 500. 1900. 1500. .@2000. 2500. 3009. 
Of ROH Op KR eka SR AK See oR a HOH) SH ak aR ae oe ak ok oko Se ake Soha BOR 
Tew: 120. - 24.97 17-33 318.41 $19.69 29.45 20.56 
1é0. a 21.595 4.06 1725€ 204686 21456 21.46] 
2406 zs 30.2% 9.00 11-33 18.69 19.42 15.78 
LVAX2 SEQUENTIAL WAVE TRANSITICA OT = 2 DS = z 
ICGEF = Il 
RC: SOs LoCo. Loos 6 wooo. Fast BLO 090 
sf ie ee a fe ab Rap oe ake bee ae oe fe ie oe See ee SR SEF pf) aR tee oe oi oe ab oe 3 Si a 
TBw: 12064 2845S 22-298 24elz Fal yrs ed 25e/6 25.54 
180. ns BleelS 19.57 ~22e5L 25415 Peete 2 Oe 1 C 
240. @ 33.2% 17.94 21.42 23266 242E4 24.56 
LVAX2 SEQUENTIAL wAVE TRANSITIGN Oi = 1 DS = 2 
ICOEF = 1 
RD: 590. 1000. 1S50C. 00 2560.6, 3000. 
oh Se fee Sn oe oe eke He eS Sk HR Bp OR HK ok ok 3 Se a oe ok aR He oe oe ok ak BPP ee ok ae 
TBW: 120. = 29.36 26.90 27.61 29-34% 29-49 25.0% 
180. i" 32.93 27.42 2644S 28.8% 25$.e23 29.12 
2406 a 34.86 28.245 2&12 27.82 28.65 Zz8&.7' 
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APPENDIX As TACTICAL EMPLOYMENT APPLICATICN RESULTS 
(CCATIANUED) LVA AUXILLIARY MODEL 
LVAX2 SEQUENTIAL WAVE TRANSITICN Ol] = 2 DS el 
[EGER a= 2 
ROs 500-2. 1000. 1500. 2900. 25€C€. 300 
RM ap eh ae HE ee ee Ae ee a ee ae CK ie epee ee ee Re Oe he eo eK eH OO 
TBW: 129. a 19,6) teas tess 358i b4e22 wees so 2 
189. i 22 65 0.22 8.75 32.93 12-i1 12.45 
2406 ‘ Zoe oct C209 Zece 7220 Ce ic Se 25 
LVAX2 SEQUENTIAL hAVE TRANSITION OT = z 9S = Zz 
LEQER a= 2 
RCs 500. 1000. 1500. 2000. 2z5€9./ 300C. 
se feck ae oe ape ok see ok oh ok se ohok ok ak Sede ae ae Be} FRR ee eR SRE He 
TBw: 129. i Z+eUSe 18.2% 15.139 20.44 629.55 2C.1¢é 
180. * 2fe49 12-01 15.65 19-21 15.91 15.5€ 
=x 
Vax 2 SEQUENTIAL WAVE TRANSITION ul = 4 OS = 2 
ICOEF = 2Z 
DO: 50G5 1000.) LS00Ry 200s. 2500s 3000. 
WR OE AK OE ee He he ET Te HC he eS Re eh ee he ake Ee ap oe ee ok ke a HA HH KK 
TBW: 120. ‘i 26285 22.2) 24.92 25.84 25.81 25.2 
1éQ. c 294649 22679 21-695 24.675 25414 24-2684 
240 : Blei2 22204) 2266s) 22552 (23454 (23662 
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APPENDIX A: TACTICAL EMPLCYMENT APPLICATION RESLLTS 
(CONTINUED) LVA AUXILLIARY MODEL 
LVAX1 SI MULTANECUS WAVE TRANSITICN ODT = 2 #4DS = 1 
; Tedieeo a a 
RC: 500. 10909. 1500. 20090. 2500. 3000. 
Se whe he ee ae ate oh eR ade ote he he oe eh ah oe ate ode oe oe ade sie ag eh) ee te oh He ate ate oe ee Be ode he fe he oe eK Se ok 
120. * een Ones PTGS fleet  ctee2 Dest 
180. * TCDS Sa me 26eee Me AGeST a 26655 (2 fell 
se 
240. * PEG ieee i Ome eon cle O) 222 te 
LVAX1 SIMULTANEOUS WAVE TRANSITICN OT = z OS = 2 
Uelalaia eee 
RD: 590. 1900. 1590. 2909. 25¢0. 3090. 
et she THe 23s ote ate oe she he he ode ah ate he te oe fe ole ote he ok ae ot oie oe he te ie oe oe ig ote a de Set ae te oe ke ee hh ee ee 
120. * Gems. Com esGne co C2026 Vs0. cen 20sec 
189. * Be Tee OO? WRG COGN GRSa = 294e> Sao. 
240. * PG ABO coe 15 ne 1 aS4mnieT O64 27 seo eee es 
LVAX] SIMULTANEQUS WAVE TRANSITICN OT = 1 #4208 = 2 
ICOEF = 1 
RD: SOG OOO 15004 5 cO00.  25CCe -sC0c. 
Bee he he te he ah hae he oe oe ah ik oe oe te ate aie ote ae ate Se oe ote oe ote ate oe he ate tc ake ae ee he ate he me he a ae ate he ie oe oe 
120. » Boe G MondgG eee Poses (seo 3546 
180. + Chel asL@ | SRC um cies BY Sane) Yo mmecaclots 74 etl? 
Z406 * ROG Gum eeGtiees aso) 6 a2.27° 32.57 
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LVAX1 


LVAX] 


LVAX] 


129-6 
189. 
2406 


3 RR 
120. 


180. 
240 « 


SIMULTANECLS WAVE TRANSITICA OT = 3 OS =—2 
1GoeF = 2 
500-6 1000. 150C. 2900. 2500... 2000. 
Sh RR AC ACE Rt a PEE Bc ak ae ae Oe a a a a ae ke a ee ok Sod hh ot tka 
2305E& 21.273 22-668 22448 Z2ei4 222E&€E 
22-5 19.218 20.64 234644 20.26 21.27 
15.292 62648 11284 11-32 TONS9 - iZsie 
SIMULTANEOUS WAVE TRANSITICN OILS 74 bs s=e2 
ICCeF = 2 
5005 1000. TS00 see 20 OG. 25.0.5. 2000. 
SS ak RO ok AS aa PR eR ER RT 
20.06) 2oe51 ue 26656 264.56 26452 V2Z26056 
2620255 25204 Dele 25e € Z2ee4ea 250 ce 
2307 2ilelsS “22629 21<6St Zi.?tS 22632 
SI VYULTANEGUS WAVE TRANSITICN DT = OS = 2 
ICOEF = 
DOG. Lb 009.7 31508. 29000- E5C0 se ~3GCG6. 
Se of oh ee oe oe ah ote Ae ode te ie a he oe ea a ke OR EP RR cee i ok ake oe oR oe oe ek eK 
3LelLl 30.58 30.89 29.79 20271 3¢€.&6 
30.42 259.75 3C.0& 29.99 29eS1 30206 
29-2 2oe2o M20. 2Zoe5o ZOac cece ts 


4 4t Ht Ft 


$$ jt He VE HE ttt 


RO 


Pe) 
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x APPLICATION RESULTS 


LVAX2 SIMULTANEQUS WAVE TRANSITION p 


: 590). 1090. 1500. 2900. 2509. 3009. 
She Di He op oe op ae Ee oe ok oe Ae ok he oh ahh oe oh ote ok ae ep oe ek HAAR KAKA SH 
i 29015? 22s4i1G 29664 20.07 20.6!) 20.¢€90 
1éQ. os 2CFe9 >) 24.01 acleuo  2iess Zileis Z2iscit 
ote 
4 


30-17 22-856 19.85 19.46 19.75 159.84 


LV AX2 SIMULTANSGUS WAVE TRANSITICN OT = 2 OS =z 
[CGSr =) 1 
RC: 500. 1909. 1590. 2909. Z28&C9. 3¢C¢. 
Whee he ee a eee oe a ae oe He he ote te ate ote ote ake he ate ah ae Sc ate aie ae ek ne he ik oc eS ee ae ik ee ek ee Ke Kk oe Oe 
120. * Slo Seon Bea. te Meee (25es (25.62 
180. * JOT OG SGU GeO G26 1 eOe lt Ne oe es 
INO * Boe bee Uae e oS ieh Oleh c44 Po Sac 
LVAX2 SIMULTANECLS WAVE TRANSITICN OT = 1 OS = 2 
Negie f= 1 
RD: 500. 1000. 15C0. 200 PSIG C Mas Cok 
Wee We he Me Te Ae ae ae he oe He he He he he ee ie He ie oe oe he he ate ee ee ee oe ok OH OR OR eK ek KK 
120. + BG, 56) S2no7) Gl. oe 36.07 201 4e). oS 664 
180. 4 BE iain Ca EEC CHG. SAORGG. soo n0e 
240. * eV 27] PAS ey Sal =), ciel a le ra 7 
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LVAX2 


LVAX2 


LVAX?2 


TX As TACTICAL EMPLOYMENT APPLICATION RESULTS 
NUED) LVA AUXILLTIAPY MODEL 
SIMULTANEOUS WAVE TRANSITICN 2p ee CS =] 
TCgQEE “= 2 
RO: 590-2. 1000. 150054 <J99. 250C.e 30CC. 
Sh oh oho op Bab aR BOK op oR aaa a akc SE aa ae ake Se a a a AR Te AE HS ee AR He AS ye eK ae AE OE OK oe He 
129. 24-16 37.42 15.19 14.11 14.22 13.5€ 
180. a Zoe teewUdo eo oeiliaei2sOS J2s5t 5 12.55 
240-6 24264 14.2469 9258 8.45 05 Ge23 
ST MULTANEOUS WAVE TRANSIT ICN OT = z OS = Vz 
ICOEF = 
RC: 590-5. 1000. i590. 2900. 25€9. 2000. 
3e eK oe teste she ale Se eh ee ae ie oe ake eh ae Oe ee ee pe Ne ae ak ee Se eK ee RE ae Oe ok 
120. : 23054) 26682. 22606. 21605" 20582 20.24 
180. 28264 24.63% 21.94 20.69 21441 159.74 
240. ‘s Zi eo 254DOcUs 20 elas IS. 18.54 11. ce 
SIMULTANEOUS WAVE TRANSITION Disa? i 25 = 2 
ICQEF = z 
RD: 2990- 10090- 1590. j%}2009. 2503. 3000. 
2h 3 tof ah ak at ob ak kc ie ef ak ok a of ke of a ak Be ak oe 4 ok ok aoc oe ok ke eA Re 
120-6 e 322-62 39.22 26-92 27e86 272.25 26.44 
1éc. 2 32-25 39-91 248.55 27.52 26.88 26-06 
24Q6 ie 32009 294644 27-€& 2625) 25.74 24.87 
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APPENDIX B: ENGR. DESIGN CRITERIA TRACEOFF RESULTS 
LVA AUXILLIARY MODEL 
TACTIC Az RCE = 390C. DT = 3. DS 
TBW = 180-6 ‘Cover = 
DATA VALUE REPRESENTS TEE TOTAL NUMER OF 
LVA_SURVIVCRS REACHING SHORE AS A FUNCTION 
OF THE INDICATED DESTGN PARAMETERS 
FT MAX: 1.50 1.50 


le 
PN ee irs ae eee eS 
SPOMAX: SPDMIN: 

1) .€0 Bend 21.98 1&.54 14.41 
10.C0 4.CC 24265 21.76 a ar 
19.CC 4.59 25.98 Geen 20.53 
1).C0 5 09 217-420 24.264 22204 

12 .CC 3.59 222538 To 62e 15.34 
P27..66 4.99 24.88 22000 19-02 

Lee GG 4.59 25.29% 22024 20.46 
T27ecC 5 ed 27.27 24012 22012 
14.C¢ 3250 Z2ace Gre Ors 14.254 
24-60 21.6% 1€.64 


14 .C0 4.00 
14 prala) 4.50 26.84 24e22 Zag od 


14-€C 5-99 27024 24e6E 22406 
es CC 3.50 21.61 18.02 13.68 
lo 200 4.200 24.65 Zia 15 Le665 
16 .C0 4.50 ZEe0/ 2343€ 20.62 
1é-CC 5 00 24261 25214 22260 
18.909 2e50 22.19 18.67 14-61 
13.C0 4-200 24055 Qilie: bel 18.64 
13.C0 4.50 26645 25484 2 16 
13-09 5-00 24263 25615 Coad 


MH HHH HHH MH RHK KH HHH HHH HR HH KR HHH AHHH 


107 





APPENDIX @3: ENGR. DESTEN CRITERIA TRACEOFF RESULTS 
(CONTINUED) LVA AUXILLIARY MOCEL 
TACTIC A RD = 3000. DT = 3-6 DS = 1. 
TBW = 189. LCQEr — at 
DATA VALUE REPRESENTS THE TOTAL NUMBER CF 
LVA SURVIVORS REACHING SHCRE AS A FUNCTION 
OF THE INDICATED DESIGN PARAMETERS 
HT MAX : 1./0 1.70 1.70 1.2/0 
HTMIN: 0.60 0.70 C280 0.299 
MR ae ee He ie Ee Be He eh Ee Oh Ee TK a Ae ee KR eR eR ee ee Se eo ke Ke OK oe oe ae oe ok OR 
SPCMAX: SPDMIN: 
10.C0 3250 214 96 18.4€ 14.39 $049 
1).00 4.00 24 63 21-74% 18.75 eae 
19.99 4.59 25.96 Zoe at 29-51 11.47 
19209 reud 27-18 24e5¢ 22-02 Ies22 


PE GaIS 1G UI 32. | 10072 
24.87 21.98 19.01 15.55 
Asch alae | oR cee lA ol 
peo) ayy) oakley ence 
22.11 18-6£ 14.52 aioe 
PGs5QueIsGG un 1as620 14662 
26502 Gn 0 eS > Mele eva 
Ae AAO Dieta ens 
21.59 1&.0C 13.65 &.79 
AAS cy Fel ee ol eel VABEVA 
26.05 223.2 20.56 17.56 
2s Sees 2 ba etc eed 
Aine ee eC aE ARGS 6.67 
24.58 21.66 18.62 15.99 
P6240. 22eeo Isls Neez2 
D7eGle) esse aeeeco | 26.04 


| aa One) 3.50 
12.99 4.99 
12.00 4250 
1z CO 5.00 
14.00 3.50 
14.CC 4.2C0 
14.CC 4.590 
14.90 5 00 
1é.CC ere 8, 
16.C€C 4.209 
Leet 4.590 
1é.CC 5 99 
LECC 3650 
18 .C0 4.00 
18 .0) 4 250 
1é.CC¢ 5209 
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APFENCIX B: ENGR. DESIGN CRITERIA TRACEOFF RESULTS 
(CONTINUED) LVA AUXTLLIAPY MODEL 
TACTIC As RD = 3900. CT = 3. 9S = l. 
TBW = 189. ICOEF = 1 
DATA VALUE REPRESENTS THE TOTAL NUMBER GF 
LVA SLEVIVORS REACHING SECRE AS A FUNCTION 
OF THE INDICATED DESIGN PARAMETERS 
HTMAX: 1.90 0 1.90 750 
ETMIN: da76 Gace 
ee hp ee eR he ake he oe Oe ie he oH kK eK OK OK Fes SS a aa oes hae ee Me OK He te ae He 
SPCMAX: SPDMIN: 
10.C9 3-50 + Oo 5 ae SG Gree alae oe Saray 
shyanarere 4.00 Dic CiMeDct 2) 1 eT 16.28 
19.2 4.59 f De CSGmec eae SA 20640 17.45 
1) .90 5.00 * 2716 9 24e61 °° 22200 1o22e 
12.C0 2.59 +* EO coe Se) Tee 15%.39 12.é& 
12.09 4.90 * 2A. 65) Mele Sti le.c9 15.57 
eGo 4.50 * 2556 imo oO Le 2064S yeaa 
12-C0 5.99 + ET Ea OBE W250 Toee4 
14.C9 3e5C + 22.09 18664 14.51 €,59 
14.00 4.00 * 24.56 21664 18.54 14.S6é 
14.00 4050 + Gn cae eee cle 5s.) ers 
14.09 5.cC * 2 SOE ee Os) eae 
16.CO 3.50 * 21.58 17.9& 13.63 &.77 
16.99 4.00 * eG ae hep il eelee6l “Wsee 
16.CO 4eAC * WOOSe ese 20057 Metiss3 
We fefa 5.00 + D7 SG) abe Oe 22.55 1638s 
18.00 3.59 - 25 bE SOC) aC, Gas 
18-CO 4.06 * DGS Omn 2 eos ela 60 15 6C7 
1 a (ele 4.50 * 26446 22.80 2113 £1429 
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APPENDIX Bs ENGR. DESTEN CRITERIA TRACEOFF RESULTS 
(CCATINUED) LVA AUXILLTARY MODEL 
TACTIC 8B: RO = 5006 i, Gee. NS = le 
TBh = 249. ICGEF = 1 
DATA VALLE REPRESENTS TRE TOTAL NUMBER CF 
LVA_ SUFVIVCRS REACHING SEGRE AS A FUNCTION 
OF THE INDICATED DESIGN FARAMETERS 
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APPENDIX Bz: ENGR. DESIGN CRITSRIA TRACEOFF RESULTS 
(CONTIANLED) CVA AUXILLIARY MGOEL 
TACTIC B@: RO = 509. DT = 3. DS = 1. 
TBW = 240, ICOEF = 1 
DATA VALUE REPRESENTS TEE TOTAL NUMBER GF 
LVA SURVIVCRS REACHING SHORE AS A FUACTICN 
CF THE INDICATED CESIGN PARAM=TERS 
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APPENCIX ®s ENGR. DESIGN CRITERIA TRACZOFF RESULTS 
(CONTINUED) LVA AUXTLLIARY MOCEL 
HAC) IC Bs RD = 500. DT = Se DS = le 
BW = 240. ICOEF = 1 
DATA VALUE REFRESENTS THE TOTAL NUMBER CF 
LVA SURVIVORS REACHING SHORE AS A FUNCTION 
OF THE INDICATED DESIGN PARAMETERS 
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APPENDIX C: GENERALIZED FLOWCHART FOR LVA AUXILIARY MODEL 


State Variable Definitions: 
DT - Unit Strength Defensive Tanks 
DS - Unit Strength Defensive ATGM 
LVA(I) - Unit Strength Wave(I) of the Incoming LVA (I=1,2,3,4,5) 
TLF - Unit Strength of Landed Waves of LVA 


ATFFS - Unit Strength of ATF Fire Support assets 
MAIN MODULE 


| Main Module utilizes a Runge-Kutta Numerical Integration Technique 


to aggregate the effects of all attrition processes. 
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